INTRODUCTION
Eucalyptus (Eucalyptus sp.) is one of the main species used in reforestation of degraded areas, due to its rapid growth, low nutrient requirement and wide application in the timber industry (CAMPINHOS JR., 1999) . The commercial plantations with fast growing species can provide adequate protection to critical areas, assisting in the stabilization of dunes, control of erosion, operation of the catchment areas and the recovery of mining areas (LIMA, 1990) .
Brazil is the world's largest producer of pulp (MORA; GARCIA, 2000) , with the area reforested eucalyptus growing (FLYNN; SHIELD, 1999) . The average annual growth in Brazil is 66% higher than the United States and 38% in South Africa, respectively (FIBRIA, personal communication, 2012) . However, there are still uncertainties about the environmental impact that such species can cause to the environment in relation to the impoverishment and dryness of the soil, besides the contribution to the enhanced greenhouse effect. In the current scenario of global climate change, issues such as reforestation programs and expansion of commercial forests are increasingly debated and therefore studies that provide an understanding of the consequences caused by this activity are necessary.
In São Paulo, until now, there is no research about chemical compounds emitted by eucalyptus plantations, although this state stand out in this commercial business, especially in the "Vale do Paraíba", with 88.000 hectares producing 46 million seedlings per year. In this work, the region chosen for data collection was Company Fibria Paper and Pulp, in the city of Caçapava, because this is an area heavily exploited for reforestation and not yet investigated in contributing to air pollution.
It is known that forests emit greenhouse gases, among which stand out volatile organic compounds (VOCs), important reagents that in the presence of solar radiation, leading to ozone formation when combined with the nitrogen oxides (NOx), highly reactive species present in the troposphere (GUENTHER et al., 1995) . These compounds may be products of different physiological processes produced in various tissues and compartments of the plant (KESSELMEIER et al., 2002) , being released into the atmosphere as a defense mechanism against attack by herbivores and also against the invasion of other plant species, the weeds (TINGEY; TURNER; WEBER, 1991). Among the most important biogenic VOCs, isoprene (C5H8) is the most abundant, found in the troposphere at a mixing ratio of from 0,2 to 30 ppbv (SEINFELD; PANDIS, 1998).
Increased VOCs emissions could have profound impact on regional ozone chemistry (SINGH et al., 2011) . Ozone is an important greenhouse gas and air pollutant. In Brazil, legislation CONAMA (National Environment Council), provides a maximum of 81,5 ppbv ozone, considering the national standards for air quality (PQA) determined by Regulatory Decree nº 348 of 1990 IBAMA and processed in CONAMA Resolution nº 003/90 (CETESB, 2009) . Values above the stipulated qualify the air as polluted.
In tropical areas such as Brazil, for example, isoprene is the dominant compound resulting from the combination of high temperature and high density of biomass (SHARKEY et al., 2001) . The biogenic emissions of isoprene can lead to the formation and growth of organic aerosols in forest areas and also in industrial regions (LACK et al., 2004; VOLKAMER et al., 2006; FARINA et al., 2010) .
For more than five decades, it was proposed that foliar emissions of VOCs from trees and other vegetation have significant effect on the chemistry of Earth's atmosphere (WENT, 1960) . Studies on greenhouse gas emissions by plants show that half or more of the mass of VOCs emitted by vegetation consists of isoprene (PLACET et al., 1990) , characterized as the only biogenic hydrocarbon related to photosynthetic activity of plants (SINGH; ZIMMERMAN, 1992).
The isoprene is one of the most abundant compounds in the tropics, where weather conditions favor the production of this compound by the plant and its subsequent release to the atmosphere (TINGEY; TURNER; WEBER, 1991; HARLEY et al., 2004) . Such emissions are directly related to solar radiation and air temperature, since essentially no isoprene is emitted without illumination (WINER et al., 1989) . Tropical forests account for approximately half of the global emission of VOCs (GUENTHER; MONSON; FALL, 1991).
The global scientific community has struggled to understand the effects of emissions of volatile organic compounds in general and also of isoprene in the atmosphere. Due to the absence of such research in the study area, the objective of this study was to evaluate for the first time, the emission of isoprene by commercial planting of eucalyptus and associate to tropospheric ozone, considering the weather conditions prevailing in the city of Caçapava, São Paulo state.
MATERIAL AND METHODS
Gases were collected in commercial plantations of eucalyptus Fibria (23°07'S, 45°37'O, 625 meters) in "Vale do Paraíba", Caçapava city, São Paulo state. There were two field campaigns: one in the summer 2010 and another in the winter 2011, with five and three days each, respectively. The specie considered was Eucalyptus urophylla S.T. Blake.
Ozone was monitored by UV Photometric O3 Analyzer Model 49i with average flow 1 to 3 L min -1 and mixing ratio from 0,05 to 200 ppbv. The isoprene was collected in denuders Air Toxics, typical for the capture of this gas due to its graphitized black carbon filler, specific for the adsorption of hydrocarbon. The denuders were coupled to portable air pump that captured five liters of air in each sample. The total amount of sampled air (by volume) was determined from the product of the average flow of air collected by the sampling time. Each denuder was pre-concentrated via thermal desorption and subsequently analyzed by gas chromatography with flame ionization detection (ATD/GC/FID) (PERKINELMER, 2005) . 50, 60 and 70 mL of standard gas were used for construction of calibration curves obtained that the relative precision of 2,8%. The standard used was 99 ± 10 ppbv n-butane (normal butane) e 84 ± 8 ppbv isoprene in ultrapure nitrogen.
The experiment was carried out based on the criteria according to the USEPA (1997; 1999) and qualified according Method TO-15 and 17. In this work has been met the following criteria: limit of detection (LD) of the method ≤ 0,5 ppbv, accuracy of analytical duplicates within 20% standard gas samples and 30% by mixing ratios normally expected of air samples (0,5 to 2 pbbv). Was obtained a LD of 0,31 ppbv for isoprene, an analytical precision of the duplicates of 15% and an accuracy of 21% calculated on each sampling day, considering the area of isoprene to default values and observed.
A station located at the Fibria company, and distant about 2 miles from the point of collection, provided meteorological parameters. Data were recorded every 15 minutes.
RESULTS AND DISCUSSION
The mixing ratio of isoprene obtained in the first intensive campaign is shown in Figure 1 .
Figure 1 -Mixing ratio of isoprene at each time of collection during the first intensive campaign (2010) in Fibria.
Is observed in Figure 1 that the maximum mixing ratios of isoprene measured during five-day interval was detected at midday, with a higher value (8,3 ppbv) on November 29, 2010. From 21 hours, the mixing ratio reached an average of 0,8 ppbv and decreased at night, showing the lowest value in the evening. This result confirms the predicted by Harley et al. (2004) that is a strong dependence of solar radiation on isoprene emissions by eucalyptus. Rizzo (2006) with samples collected in the Amazon in the summer of 2004 noted that in the early afternoon isoprene peaked at 7,8 ppbv and at night, 0,7 ppbv, indicating the mixing ratio similar to that detected during the night in this work.
Isoprene is considered a photochemically active compound because the synthesis of isoprene synthase enzyme which produces it is stimulated by high temperatures and decreased at higher concentrations of O3. The gene expression IspS (essential to the synthesis of isoprene synthase) is stimulated during heat and affected by the presence of ozone (FARES et al., 2006) . Fuentes et al. (2000) created the hypothesis that the isoprene synthase is an enzyme catalyzed by light, so that the isoprene emission is dependent on the solar radiation. Thus, this compound shows a greater variation of concentration during the afternoon compared to night, when analyzing the behavior all day long.
The mixing ratio of isoprene detected in the second intensive campaign is shown in Figure 2 . Observe now that the maximum mixing ratios of isoprene were detected again at midday, with higher peak (3,5 ppbv) on June 30, 2011. The second campaign was conducted in winter and at this time of year, the sunset in the region occurs at 17:30 hours, at which time there was a marked decrease in mixing ratio of isoprene to the study period. In the first intensive campaign the maximum isoprene peak was 8,3 ppbv in an amount 4,8 ppbv more than in the second year. The summer months with high air temperature and solar radiation, emission of this gas is larger than in the winter, as noted by Neto et al. (2007) .
In this work, the variation is attributed to the ratio of gas with the air temperature (Figures 3  and 4 ) and the photosynthetically active radiation (Figures 5 and 6 ) in the date specified. There is a relationship between ozone and isoprene in the region studied, as shown in Figures  3 to 6 . Given a static environment and with very low wind (wind speed with an average of less than 0,8 ± 0,04 m s -1 for the first campaign and 1 ± 0,06 m s -1 for the second campaign, data not shown), it is possible to identify that during the evaluation period, the peak ozone showed a delay about two hours from the peak maximum of isoprene, which is justifiable due to the time required for the isoprene and others precursors such as NOx, for example, react in the presence of sunlight and lead to ozone formation. This relationship was also observed by Chameides et al. (1988) that concluded the maximum isoprene concentrations nearly coincident with periods of maximum ozone photochemical production, which makes isoprene oxidation for ozone production more efficient than other VOCs such as monoterpenes.
In the first intensive campaign, the maximum peaks of isoprene and ozone were 8,3 ppbv and 27,9 ppbv (Figures 3 and 5) , while in the second intensive campaign were smaller, 3,5 ppbv and 10,3 ppbv, respectively (Figures 4 and 6 ).
In the days of high air temperature and photosynthetically active radiation, the emission of gases was higher as shown in the figures. This emission, in winter 2011 was 65% lower than in summer 2010, which showed a seasonal variation in isoprene emission by planting eucalyptus. Rizzo (2006) also observed in the Amazon forest sites that the mixing ratio of isoprene was high during the warmer months, when it reached 29 ppbv, while during the cooler periods the average dropped to 6,9 ppbv.
Due to the influence already known of meteorological factors on the concentration of VOCs, is important that the environmental parameters are known during periods of data collection and analysis of the compounds, so that their influence in the region of study is adequately evaluated. Like Hewitt et al. (1995) who also identified the air temperature and photosynthetically active radiation as the two most important factors in the emission of isoprene. In this work it was observed a relationship between higher emissions with warmer periods and with more light available. Guenther et al. (1995) also noted that isoprene emissions increase exponentially with rising temperatures, producing higher isoprene emissions in warmer summer days. Guenther et al. (2000) demonstrated that in addition to temperature, isoprene emissions increase with solar radiation, leading to highest isoprene concentrations during summer midday periods, as observed here. The temperature and solar radiation play an important role in controlling seasonal, year-on-year and spatial variations of isoprene and VOCs in general.
CONCLUSION
The atmosphere of the eucalyptus plantations in the "Vale do Paraíba" can be characterized as clean based on the observed mixing ratio of ozone, the maximum of 27,9 ppbv detected is well below the levels established by CONAMA (81,5 ppbv).
As to isoprene, the highest peak in the study period 2010 (8,3 ppbv) and 2011 (3,5 ppbv) always occurred at midday when the temperature and photosynthetic active radiation were higher (33,7°C e 2243 µmol s -1 e 18°C e 387 µmol s -1 , respectively). The typical climate of the region, with dry winters and hot summers, has a direct influence on plant metabolism by stimulating the synthesis of isoprene, which leads to the emissions of this component.
The peak of ozone always presented a delay of about two hours relative to the isoprene, which can be explained by the fact that the photochemical reactions between the precursors chemicals which lead to the production of ozone require a time interval to take place.
